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MAKAlRA SP., CF. M. NIGRICANS LACEPEDE, 1802
(TELEOSTEI: PERCIFORMES: ISTIOPHORIDAE) FROM THE LATE MIOCENE, PANAMA, AND
ITS PROBABLE USE OF THE PANAMA SEAWAY
HARRY L. FIERSTINE
Biological Sciences Department, California Polytechnic State University, San Luis Obispo, California 93407
ABSTRACT-A nearly complete rostrum (USNM 358534) similar in morphology to the extant bluc marlin, Makaira
nigricans Lacepede 1802, is identified from the GaUln Formation (late Miocene, Panama). Identification is based on
comparison with a large series of Recent istiophorid species and with fossil species of the genus Makaira. The Gatlin
specimen and additional examples from other fossil vertebrates provide evidence that the ancient Panama Seaway
probably was a travel route between the Atlantic and Indo-Pacific for large marine vertebrates during the middle
Miocene to earliest Pliocene. This is the first record of an istiophorid billfish from the Gatlin Fonnation and the second
record of a fossil marlin from Panama.

Measurements

INTRODUCTION
The blue marlin, Makaira nigricans LacepMe 1802, is an
important commercial and recreational fish species that inhabits
the tropical and temperate Atlantic, Indian, and Pacific Oceans
favoring depths of over 100 m and temperatures around 24°C
(Nakamura, 1983, 1985). Movement between the Atlantic and
Indo-Pacific populations of blue marlin occurs via the Cape of
Good Hope (National Marine Fisheries Service, 1994). Fossil
remains of the blue marlin are rare, generally poorly preserved,
and chronologically and geographically scattered from the mid
dle Miocene of Belgium, to the late Miocene of southern Cal
ifornia, USA, and to the early Pliocene of North Carolina, USA
(Fierstine, 1998, in press).
The following is a description of a nearly complete rostrum
referred to Makaira sp., cr. M. nigricans from the Gatlin For
mation (late Miocene), Panama (Fig. I), and a discussion of the
Panama (Central American) Seaway and Cape of Good Hope
as travel routes between the Atlantic and Indo-Pacific for blue
marlin and other large marine vertebrates. This is the first rec
ord of an istiophorid billfish from the Gattin Formation and the
second record of a fossil marlin from Panama (Fierstine, 1978).
Institutional Abbreviations-IRSNB, Institut Royal des
Sciences Naturelles de Belgiques, Brussels; LACM, Natural
History Museum of Los Angeles County, Los Angeles, Cali
fornia; MNHN, Museum National d'Histoire Naturelle, Paris;
USNM, United States National Museum of Natural History,
Washington, D.C.
Anatomical Abbreviations-LE, lateral ethmoid; M, Max
illary; N, nasal; NC, nutrient canal; PM, premaxillary; PN,
prenasal; t denotes extinct taxa.
MATERIALS AND METHODS
The materials and methods used in this study have been de
scribed fully in Fierstinc and Voigt (1996) and Fierstine (1998,
in press), but some of it is repeated for convenience. I use the
scientific and common names of Robins et al. (l99l:66) for
Recent species of fishes. Approximately 160 whole and partial
skeletons of Recent specimens representing seven species of the
family Istiophoridae were examined. The museum number, geo
logical age, and locality are given in Table 3 for each fossil
rostrum that was used as comparative material. The rationale
for the identification of each comparative specimen is given in
Fierstine (1998, in press).

Linear measurements were made with dial calipers or metric
rule. Characters and their definitions for each bone or structure
are as follows and are taken liberally from Fierstine (1998, in
press):
Rostrum-Rostral length (L) is from the distal tip of the
bill to the orbital margin of the lateral ethmoid. Two regions
were emphasized along this length: O.5L, or one-half rostral
length, and O.25L, or one-fourth rostral length measured from
the distal tip. Six morphometric characters were studied in
each region: depth (D) and width (W) of the rostrum; height
(H) and width (N) of the left nutrient canal (as seen in cross
section); distance (IC) between the right and left nutrient ca
nals (as seen in cross-section); and distance (DD) of the left
nutrient canal from the dorsal surface of the rostrum (as seen
in cross-section). Characters studied without reference to re
gion were: distribution of denticles on the dorsal surface of
the rostrum measured from the distal tip (DZ); length from
distal tip where denticles are absent from the ventral mid-line
(DVS); length from the distal tip to the distal extremity of the
prenasal (P); length from tip where fused premaxillaries divide
into separate bones (VSPM); and presence or absence of den
tides on the prenasal.
Species Identification-Using the methods of Fierstine
(l998), identification was accomplished by converting length
and width measurements of individual bones (characters) to
ratios (proportions), treating ratios as variables, and compar
ing them to ratios computed from a series of bones from Re
cent istiophorid species or to ratios computed from other is
tiophorid fossils. If a ratio fell within the range of one or more
Recent species, it was scored for each species that contained
the ratio. The identification protocol is as follows: The fossil
unknown would be identified as the Recent species with the
most scores, unless: (I) its overall score overlapped two or
more species of the same genus; (2) its overall score over
lapped two or more genera; or (3) some of its scores fell out
side the observed range of Recent species. In the first two
cases, the unknown would be identified only to genus or fam
ily, respectively. In the third case, the unknown would be iden
tified as a known fossil species, a variant of a Recent or fossil
species, or a new species, depending on how it differed from
thc fossil or Recent species.
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FIGURE I. Map of Panama indicating collection site of Makaira sp.,
cf. M. nigricans Lacepede (USNM 358534), late Miocene, Gatun For
mation.

SYSTEMATIC PALEONTOLOGY
Class ACTINOPTERYGII (sensu Nelson, 1994)
Divisi on TELEOSTEI (sensu Nelson, 1994)
Order PERCIFORMES (sensu Johnson and Patterson, 1993
Suborder SCOMBROIDEI (sensu Carpenter et aI., 1995)
Family ISTIOPHORIDAE (sensu Robins and deSylva, 1960)

Specimen-Nearly complete rostrum (USNM 358534).
Locality and Age-There is some confusion as to the exact
location in the Gatun Formation, Panama, where the specimen
was found. F C. Whitmore, Jr. writes (letter dated January 18,
1985) that the specimen "came from 2 km southwest of Coco
Solo Hospital, just north of the back road to Fort Gulick." R.
H. Stewart, the collector of the specimen, writes (letter dated
February 22, 1985) that his original guess at the locality was
in error and that the true location was 6.8 km NNE by E of the
Coco Solo outcrop or 9°21 'N + 675 m, 79°48'W + 1,600 m
(Fig. 1). He also states that this location is about 15.0 m higher
in the section than another locality about 1 km south near the
police station at Sabanita. Presumably the Sabanita locality is
the one reported by Gillette (1984) who believed his collection
site to be in Woodring's basal or oldest subdivision of the Gatun
Formation. The Gatun Formation was originally thought to be
middle Miocene (Woodring, 1957-1982:575; Stewart and Stew
art, 1980; Gillette, 1984:173), but is now considered late Mio
cene (based on the presence of the nannofossil Discogaster
quinqueramus [zone NN 11] that Berggren et ai. [1985] had as
signed a time interval of 5.6-8.2 Ma), and that Whittaker and
Hodgkinson (in Woodring, 1957-1982:575) had correlated the
lower part of the Gatun Formation as midzone N16 (early late
Miocene or younger) based on planktonic forams (Coates et aI.,
1992:825). More recently Berggren et ai. (1995: 162, 196) as
signed zone NNll to a time interval of 5.6-8.6 Ma and zone
Nl6 to an interval of 8.3-10.9 Ma. Duque-Caro (1990:220)
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FIGURE 2. Nearly complete rostrum of Makaira sp., cf. M. nigricans Lacepede (USNM 358534), late Miocene, Gatun Formation, Panama. A,
left lateral view; B, dorsal view; C, cross-section approximately at O.25L (one-fourth bill length); D, cross-section approximately at O.5L (one
half bill length). Denticles are denoted by stipples; missing bone filled with plaster is denoted by cross-hatch. Scale bar equals I cm (A, B); 2
cm (C, D).
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TABLE I. Selected measurements of the rostrum of Makaira sp., cf.
M. nigricans Lacepecte (USNM 358534), Gatun Formation, late Mio
cene, Panama. See text for definition of abbreviations. Forty-five mm
are considered missing from the distal tip and have been added to mea
surements indicated by asterisk (*).
Characters

Measurements (mm)
794.0*
30.2
40.4
6.0
3.5
15.0
2.0
23.6
31.8
3.6
2.5
11.7
2.9
72.0*
359.0*
230.0*
483.0*

L

DI
WI

HI
NJ
DDI
leI
D2
W2

H2
N2
DD2
IC2

DZ
DVS
P

VSPM

is 794 mm and equals the overall length of the specimen. Table
I lists all the variables studied and their measurements.
The specimen was collected in several pieces. In most cases,
each piece was a well-preserved, complete segment that was
studied in cross-section prior to restoration. The two cross-sec
tions shown in Figure 2 approximate O.5L (Fig. 2C) and O.25L
(Fig. 2D). Denticles cover the entire ventral surface of the ros
trum from the broken tip to the expanded proximal extensions
of the premaxillaries.
COMPARISON WITH ISTIOPHORIDS OF THE GENUS
MAKAIRA

correlated the Gatun Formation with the late Miocene to early
Pliocene Munguido Formation of northwest Colombia while
Vokes (1992:41) considered the Gatun Formation to be early
Pliocene based on gastropods. I find the evidence presented by
Coates et al. (1992) more compelling and consider the Gatun
Formation as late Miocene.
DESCRIPTION
The rostrum is nearly complete and consists of the prenasal
and premaxillary bones and a partial left nasal (Fig. 2). The
overall length is 749 mm from the posterior edge of the left
nasal to the incomplete distal tip and 716 mm from the proximal
border of the right prenasal to the incomplete distal tip (Table
I). Approximately 45 mm are missing from the distal tip of the
rostrum; therefore the overall length of the specimen is esti
mated to be 794 mm. At the proximal end, the width is 114.9
mm and depth is 38.1 mm.
The rostrum is compared to other specimens on the assump
tion that 45 mm are absent from the distal tip and that the
incomplete posterior edge of the left nasal is in the same trans
verse plane as the lateral ethmoid in more complete specimens
(Fig. 3). Therefore, rostrum length (L) of the Garnn specimen

Most morphometric ratios of the Gatun rostrum fall within
the range of values of two Recent species of the genus Makaira
(Table 2), 15 of 18 ratios fall within the range of values of M.
indica (Cuvier), and 16 of 18 ratios fall within the range of M.
nigricans. Two ratios (DDIlDl, H21D2) are within the range
of M. nigricans, but not M. indica, and two ratios (DZIP, DZI
W2) are within the range of M. indica, but not M. nigricans.
One ratio (DDIlDl) falls solely within the range of M. nigri
cans.
Of the 18 morphometric ratios listed in Tables 2 and 3 for
the Gatun rostrum, only 12 have been measured in other fossil
istiophorids of the genus Makaira (Table 3). With the exception
of specimens from the Yorktown Formation (early Pliocene,
North Carolina), fossil discoveries are represented by a single
individual. The Gatun specimen has few ratios within the ob
served range of values of other istiophorids: four ratios in com
mon with M. nigricans from the Yorktown Formation and one
each in common with M. nigricans from the middle Miocene
of Belgium (=tM. belgicus Leriche), and Makaira sp., cf. M.
nigricans from the Yorktown Formation.
There is enough taxonomic uncertainty in the above mor
phological comparisons that I identify the Gatun specimen as
Makaira sp., cf. M. nigricans. Although ratios DZIP and DZI
W2 are within the range of Recent M. indica and not Recent
M. nigricans, I give less systematic importance to these because
fossil M. nigricans has DZIP and DZIW2 values within the
observed range of Recent M. indica. (Table 2).
Fierstine and Voigt (1996:156-157, Table 1) included the ra
tio cross-sectional area of nutrient canaVcross-sectional area of
bill at O.5L, (Hl*Nl)IDI*WI), in the identification key that
separated Recent M. nigricans from Recent M. indica. Their
data were reanalyzed to include some additional specimens of
M. indica and were found to contain a mathematical error. The
recomputed ratio (H*Nl)/(Dl*WI), as well as cross-sectional
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FIGURE 3. Skull of Makaira nigricans Lacepede, left lateral view. Drawing is a composite of two Recent specimens (LACM 25491 and 46023
I). Scale bar equals 10 em.

TABLE 2. Morphometric ratios of the rostrum of Makaira sp., cf. M. nigricans Lacepede (USNM 358534), Gatlin Formation, late Miocene, Panama, compared with the mean (x), observed
range (OR), and number of specimens examined (N) for each of the same variables of seven Recent species of the family Istiophoridae. Abbreviations for ratios are explained in the text.

Ratios

USNM
358534

D]IWI

0.75

HIIDI

0.20

DDIIDI

0.50

ICIIWI

0.05

(H 1*N 1)/(D 1*Wl)

0.02

D21W2

0.74

H21D2

0.15

DD21D2

0.50

IC21W2

0.09

(H2*N2)/(D2*W2)

0.01

D2NSPM

0.05

W2NSPM

0.07

DVSNSPM

0.74

PIVSPM

0.48

PID2

9.8

PIW2

7.2

D7JP

0.31

DZIW2

2.3

Denticles on prenasal

No

T. alhidus

T. angustirostris

T. audax

x

x

x

x

(OR)N

(OR)N

(OR)N

(OR)N

(OR)N

0.70
(0.59-0.80)41
0.14
(0.07-0.20)36
0.46
(0.33-0.62)36
0.05
(0.01-0.13)29
0.0]
(0.00-0.02)35
0.64
(0.54-0.83)41
0.12
(0.06-0.21 )32
0.47
(0.22-0.64 )32
0.12
(0.04-0.25)32
0.01
(0.00-0.02)32
0.04
(0.04-0.05)35
0.07
(0.05-0.08)35
0.86
(0.54-1.0)34
0.51
(0.38-0.S7)33
11.9
(8.9-20.2)41
7.6
(5.9-12.3)41
0.04
(0-0.11)37
0.30
(0.00-0.85)37

0.62
(0.56-0.66)13
0.13
(0.09-0.15)7
0.40
(0.35-0.45)7
0.04
(0.02-0.07)7
0.01
(0.01-0.02)7
0.53
(0.47-0.61)14
0.12
(0.09-0.14)7
0.40
(0.32-0.43)7
0.16

0.64
(0.57-0.70)3

0.62
(0.59-0.64)2

(Yes/No)N

(Yes/No)N

0.61
(0.5S-0.64)3
0.11
(0.07-0.14)2
0.63
(0.62-0.63 )2
0.43
(0.40-0.45)2
0.00
(0.00-0.01)2
0.15
(0.13-0.19)3
0.24
(0.20-0.30)3
0.31
(0-0.52)3
0.39
(0.30-0.45)3
2.7
(2.3-3.3)3
1.6
(1.3-2.1 )3
0
(0)3
0
(0)3
(YeslNo)N

(1136)37

(9/1) 10

(0/3)3

0.68
(0.59-0.80) 13
0.14
(0.10-0.17)8
0.11
(0.08-0.14)7
0.07
(0.04-0.08)7
0.01
(0.01-0.02)8
0.61
(0.52-0.67) 13
0.12
(0.09-0.14)8
0.46
(0.41-0.55)8
0.]8
(0.13-0.25)8
0.01
(0.00-0.01)8
0.04
(0.03-0.05) 12
0.06
(0.05-0.08) 12
0.76
(0.64-0.94)10
0.48
(0.38-0.57) 12
12.9
(10.8-16.1)11
7.8
(6.7-9.5)11
0.93
(0.30-2.0)9
5.8
(2.5-9.5)8
(YeslNo)N
(2/8) 10

/. platypterus

M. indica

.X

x

x

(OR)N

(OR)N

0.68
(0.58-0.78)3 ]
0.24
(0.15-0.35)28
0.32
(0.21-0.41 )28
0.03
(0.01-0.07)26
0.03
(0.01-0.05)28
0.64
(0.55-0.75)30
0.18
(0.1 1-0.26)28
0.38
(0.28-0.46)28
0.14
(0.06-0.21 )27
0.02
(0.01-0.04 )27
0.03
(0.03-0.04 )25
0.05
(0.04-0.06)24
0.72
(0.48-0.97)23
0.58
(0.45-0.83) 17
18.8
(13.0-23.2) 18
11.6
(8.7-14.0)17
1.4
(0.76-2.5) 18
19.5
(9.9-29.1 )30
(YeslNo)N

0.72
(0.66-0.78) 10
0.16

(8/23)31

(0.13~0.20)9

0.43
(0.38-0.49)9
0.07
(0.04-0.10)7
0.02
(0.01-0.02)9
0.68
(0.58-0.77)10
0.10

(0.08-0.12)9
0.46
(0.38-0.51 )9
0.13
<0.11-0.16)7
0.01
(0.00-0.0 1)9
0.06
(0.05-0.08)8
0.09
(0.07-0.10)8
0.72
(0.48-0.94)8
0.53
(0.48-0.60)8
9.0
(7.3-10.5)]0
6.1
(5.1-7.3) 10
0.30
(0.10-0.50)9
1.8
(0.71-3.0)9
(YeslNo)N
(0/10)10

M. nigricans

<0.13-0.20)7

0.01
(0.00-0.01)7
0.04
(0.03-0.05) 12
0.07
(0.06-0.09)12
0.80
(0.66-0.95)9
0.53
(0.42-0.66) I 1
14.2
(10.9-21.3) 12
7.6
(5.7-10.3)12
2.4
(1.5-3.3)9
IS.6
(14.6-21.7)10

-

-
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0.65
(0.65)2
0.15
(0.15)1
0.49
(0.48-0.50)2
0.24
(0.24)1
0.01
(0.01)1
0.05
(0.05-0.06)2
0.08
(0.07-0.09)2
0.02
(0-0.04)2
0.55
(0.55-0.56)2
10.6
(9.8-11.3)2
6.9
(6.4-7.4)2
0
(0)2
0
(0)2
(YeslNo)N
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TABLE 3. Morphometric ratios for the rostrum of Makaira sp., cf. M. nigricallS Laccpede (USNM 358534), Gatlin Formation, late Miocene, Panama, compared with the same variables of
eight fossil istiophorid assemblages of the genus Makaira. The mean (.\'), observed range (OR), and number of bones examined (N) are given for specimens from Lee Creek Mine. Abbreviations
of ratios are same as in Table 2.

tMakaira cOllrcelli (Arambourg,
1927) Ho1otype
MNHN 250
Algeria
E. Pliocene
Ratios

M. nigricans
[=tM. belgicus
(Leriche, 1926)] M. nigricans Yorktown
Holotype IRSNB Fm. Lee Creek Mine
PI I 17 Belgium
North Carolina. USA
E. Pliocene
M. Miocene

USNM
358534

X

(OR)N

DIIWI

0.75

0.67

Hl/Dl

0.20

DDI/Dl

0.50

ICl/WI
(HI*NI)/
(D1*WI)

0.05
0.02

D21W2

0.74

H2/D2

0.15

0.15

DD2/D2

0.50

0.34

IC21W2
(H2*N2)/
(D2*W2)
D2IVSPM
W2IVSPM
DVSIVSPM
PNSPM

0.09

0.66

lvlakaira sp., cf. tM. panarnens;s
Makaira sp., cf. M.
M. nigricans
M. nigricans
Fierstine, 1978
LACM 17693 nigricans Yorktown Fm. USNM 375733 Holotype USNM
Monterey Fm. Lee Creek Mine North
Eastover Fm.
18171 0 Chagres
Cal ifornia, USA
Carolina, USA
Virginia, USA
S.S. Panama
L. Miocene
E. Pliocene
L. Miocene/
L. Miocene
x
E. Pliocene
(OR)N

0.79
(0.77-0.80)3
0.15
(0.09-0.19) 14
0.52
(0.41-0.59) 14

0.80

0.76
(0.66-0.83)36
0.15
(0.06-0.22) 16
0.52
(0.40-0.62) 16

0.86
(0.86)1
0.14
(0.11-0.19)3
0.59
(0.47-0.80)3

0.76
0.17
0.56

0.90
(0.86-1.0)4
0.09
(0.06-0.12)2
0.57
(0.57)1

0.87
0.10
0.58

0.70

0.76

0.84

0.18

0.27

0.11

0.47
0.10
0.02

OJ)}

c.....,

tM. teretirostris
(Van Beneden.
1871) Holotype
Belgium
·)M. Miocene

-

0.56
0.15
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PID2

0.05
0.07
0.74
0.48
9.8

10.0

PIW2

7.2

6.6

DZIP

0.31

DZIW2

2.3

)0

-

4.4
(2.9-6.3) 11
3.4
(2.3-5.1)11
0.49
(0.38-0.59)3
1.2
(0.43-1.9)7

2.8
(2.7-2.9)3
2.5
(2.3-2.7)3
0.81
(0.81 )1
2.0
(2.0)1
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area of nutrient canal! cross-sectional area of bill at 0.25L
(H2*N2)/(D2*W2), are included in Table 2. Except for the sail

fish, Istiophorus platypterus (Shaw and Nodder), all istiophor
ids, including the Gatlin marlin, have nearly identical range of
values. Unfortunately, ratios with cross-sectional data are not
useful in distinguishing M. nigricans from M. indica.
Morphological variation of the rostrum through time is not
known for the black marlin and is only poorly known for blue
marlin. Fierstine (in press) noted that rostra of M. nigricans
from the Yorktown Formation (early Pliocene), in comparison
with rostra of Recent blue marlin, have rounder cross-sections
throughout their length (DIIWI, D21W2), have smaller nutrient
canals distally (H21D2) that are more ventrally placed (DDl/
01, DD21D2), and a distal dorsal surface that is covered with
more denticles (DZIP, DZIW2). Except for the increase in den
ticles, the ratios of the Gatlin marlin are within the observed
range of ratios for Recent blue marlin (Table 2).
GENERAL DISCUSSION AND CONCLUSIONS
Discovery of Makaira sp., cf. M. nigricans in the Gatlin For
mation is evidence that blue marlin (or at least their closest
known relative) inhabited the Caribbean (north) side of the Pan
ama Seaway and probably used it for travel between the Atlan
tic Ocean and Pacific Ocean during the late Miocene. Assuming
that fossil blue marlin had similar ecological preferences as
Recent blue marlin (Fierstine, 1998:41), the environment in the
region of the seaway probably was not suitable habitat for blue
marlin throughout the year. Duque-Caro (1990:223) concluded
that water depths and temperatures in the seaway area ranged
from greater than 150 m and cool in the late middle to early
late Miocene (11.8-7.0 Ma), to less than 150 m and cold in the
late Miocene (7.0-6.3 Ma), to less than 50 m and wann in the
latest Miocene to early Pliocene (6.3-3.7 Ma). Complete emer
gence of the Isthmus of Panama occurred about 3.5 Ma (Coates
et aI., 1992:827). Recent blue marlin prefer water depths greater
than 100 m and sea surface temperatures 22-31°C (Nakamura,
1983, 1985). If the habitat requirements of the Gatlin specimen
were the same as the Recent blue marlin, then, cool and cold
water in the middle and late Miocene (Duque-Caro did not give
specific temperatures) would have prevented Makaira sp., cf.
M. nigricans from using the seaway except during summer and
fall when water temperatures were warmer, or during years of
anomalously high sea surface temperatures. This supposition is
based on observations that Recent blue marlin makes seasonal
north-south migrations following warm ocean currents in both
the western North Atlantic and central North Pacific (Naka
mura, 1983, 1985). Although there is insufficient data on north
south migration of Recent blue marlin in the eastern North Pa
cific Ocean, it is generally more abundant off western Mexico
during the summer and early fall (Eldridge and Wares, 1974:
90). Occasionally blue marlin is observed off southern Califor
nia, but only during periods of anomalously high sea surface
temperatures (National Marine Fisheries Service [The South
west Fisheries Science Center's 1996 Billfish Newsletter], un
published).
Makaira nigricans has been identified in the upper part of
the Monterey Formation, late Miocenc, southern California
(Fierstine and Applegate, 1968; Fierstine, 1998). The upper
Monterey Formation is a possible chronostratigraphic and eco
logical correlative of the Gaffin Formation (Duque-Caro, 1990:
217; Coates et aI., 1992), and conditions (temperature and strat
ification) in the photic zone (upper 100 m) of the Monterey
Formation were probably similar to conditions off southern Cal
ifornia today (Schoell et aI., 1994: 1124). Makaira nigricans has
been identified in two other late Miocene deposits in southern
California (Capistrano Fonnation [Fierstine, personal observ.];
San Mateo Fonnation [Fierstine and Welton, 1988]). These
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three discoveries are further evidence that the blue marlin was
at least a seasonal visitor in the eastern North Pacific Ocean
during the late Miocene and a potential candidate to use the
Panama Seaway.
There are two examples of other istiophorids possibly using
the seaway for east-west movement. The black marlin, M.
indica, has been identified in the Yorktown Formation (early
Pliocene) at Lee Creek Mine, North Carolina (Fierstine, in
press). Because the black marlin is not found in the North At
lantic Ocean today, Fierstine postulated that M. indica entered
the Atlantic from the Pacific via thc Panama Seaway during or
prior to the early Pliocene. Although there are many similarities
in the ecological requirements of M. indica and M. nigricans,
M. indica usually inhabits surface waters close to land masses,
whereas M. nigricans is not usually seen near landmasses or
islands, unless there is a deep drop-off (Nakamura, 1985). Be
cause shallowing (Duque-Caro, 1990:223; Coates et al., 1992:
814, 827) and island formation (Whitmore and Stewart, 1965:
181; Marshall et aI., 1982:1351; Duque-Caro, 1990:223) pre
ceded formation of the Isthmus, M. indica may have used the
seaway up to the time of closure, whereas Makaira sp., cf. M.
nigricans avoided using the seaway during the latest Miocene
and early Pliocene when depths were too shallow «100 m).
In addition there is the presence of tM. panamensis Fierstine
in the Chagres S.S., late Miocene/early Pliocene, Panama (Fier
stine, 1978). Although tM. panamensis is unknown outside
Panama and its ecological requirements are unknown as well,
it not only inhabited the seaway, but probably used it for travel
between the Atlantic and Indo-Pacific. Because the Chagres
S.S. overlies the Gatlin Formation, we can assume the seaway
was inhabited by istiophorids throughout "Gatlinian" deposi
tion and for some time later.
The Panama Seaway was probably a passage between the
Caribbean Sea and eastern Pacific Ocean for other large ver
tebrates during the mid-Neogene (Fierstine, in press). Gillette
(1984) noted that an ichthyofauna (mainly selachians) from the
Gatlin Formation (Sabanita, Panama), was similar to the Mio
cene selachian faunas of Antilles, Ecuador, and Pungo River
Formation of North Carolina. He included all four faunas in the
Tertiary Caribbean Faunal Province of Woodring (1966, 1978),
and postulated that the Panama Scaway was palt of a continu
ous environment from the eastern Pacific off Ecuador to the
Atlantic off the southeastern United States. Although the shark
fauna Gillette studied has a much wider distribution than just
the region of the Tertiary Caribbean Faunal Province (Purdy et
al., in press; D. Long, pers. comm.), the selachians probably
used the seaway for travel. The sirenian, tMetaxytherium cra
taegense (Simpson) (=tM. calvertense Kellogg), is known
from both the middle Miocene Calvert Fonnation (Maryland)
and the middle Miocene Montera Formation of Peru (deMuizon
and Domning, 1985:204-205; Aranda-Manteca et al., 1994:
199). It would be difficult to explain the disjunct distribution
of tM. crataegense without assuming the Panama Seaway was
a travel route for the specics (Domning and Furusawa, 1995:
509).
In a study of mtDNA of several istiophorid fishes, Graves
and McDowell (1995) hypothesized that blue marlin underwent
the following sequence of events from some unspecified time
in the past to the present: (1) a period of genetic interchange
between the Atlantic and Indo-Pacific populations of M. nigri
cans; (2) a period of genetic (and physical) isolation; and (3)
a second period of genetic interchange. They presumed that all
east-west movement between the two populations occurred via
the Cape of Good Hope. If both the Cape and Panama Seaway
were travel routes during the early late Miocene, then gene flow
between the two populations must have been at its maximum.
Subsequently, when the seaway became too shallow for blue
marlin and then closed (latest Miocene to present, circa 6.0
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Ma), gene flow between the two populations decreased and
physical interchange was limited to the Cape of Good Hope.
However, the Cape may not always have been suitable habitat
for blue marlin throughout the Neogene and Quaternary. Graves
and McDowell (1995:202) suggested that the period of genetic
isolation occurred during a time of tropical compression when
water around the Cape was too cold for blue marlin, probably
about one million years based on the estimated divergence time
of the mtDNA clades of blue marlin (J. Graves, personal com
mun.). This supposition, although plausible, would be difficult
to prove because Penrith and Cram (1974) were unable to ex
plain why the Cape is currently a corridor for some large oce
anic fishes, but not for others. They found no physical barrier
and suggested that maybe the fishes had an innate behavior
pattern that developed as a result of earlier hydrographic con
ditions. There is no fossil evidence, and without it, there is no
way of knowing when the Cape was an east-west corridor or
a barrier for istiophorid fishes. Except for one Recent M. ni
gricans that was tagged off Delaware, and recaptured in the
Indian Ocean (National Marine Fisheries Service, 1994), there
is no direct evidence that other blue marlins actually travel
around the Cape of Good Hope today, although most ichthy
ologists tacitly assume they use this passage.
ACKNOWIJEDGMENTS
I especially want to thank F. C. Whitmore, Jr. for bringing
the Panama specimen to my attention, R. W. Purdy (USNM)
for loan of the specimen, and D. J. Long for providing copies
of several references. D. D. Gillette, J. E. Graves, D. J. Long,
R. W. Purdy, V. G. Springer, and F. C. Whitmore, Jr., greatly
improved the manuscript with their criticisms. L. M. Bybell
(USGS) and R. Weems (USGS) helped me understand the im
portance of Discogaster quinqueramus. Figure 2 was redrawn
from an unpublished illuslration by B. McFarland and Figure 3
was illustrated by C. Bloomer as part of his senior thesis (pro
ject). A. Fierstine provided encouragement throughout the
study.
LITERATURE CITED
Arambourg, C. 1927. Les Poisson, fossiles d'Oran. Matcriaux pour la
Carte geologiques de l' Algerie, Serie 1. Paleontologie 6:1-298.
Aranda-Manteca, F. J.• D. P. Domning, and L. G. Barnes. 1994. A New
Middle Miocene Sirenian of the Genus Metaxytheriwn from Baja
California and California: Relationships and Paleobiogeographic
Implications; pp. 191-204 in A. Berta and T. Demere (eds.), Con
tributions in Marine Mammal Paleontology Honoring Frank C.
Whitmore, Jr. Proceedings of the San Diego Society of Natural
History 29.
Berggren, W. A., D. V. Kent, J. .T. Flynn, and J. A. Van Convering.
1985. Cenozoic Geochronology. Geological Society of America
Bulletin 96:1407-1418.
- - - , -_~, C. C. Swisher, III, and M.-P. Aubry. 1995. A revised
Cenozoic Geochronology and Chronostratigraphy; pp. 129-212 in
W. A. Berggren, D. V. Kent, M.-P. Aubry, and J. Hardenhol (cds.),
Geochronology, Time Scales and Global Stratigraphic Correlation.
Society of Sedimentary Geology, Special Publication 54.
Carpenter, K. E., B. B. Collette, and J. L. Russo. 1995. Unstable and
Stable Classifications of Scombroid Fishes. Bulletin of Marine Sci
ence 56:379-405.
Coates, A. G., J B. C. Jackson, L. S. Collins, T. M. Cronin, H. J.
Dowsett, L. M. Bybc1l, P. Jung, and 1. A. Obando. 1992. Closure
of the Isthmus of Panama: The Near-Shore Marine Record of Costa
Rica and Western Panama. Bulletin of the Geological Society of
America 104:814-828.
de Muizon, c., and D. P Domning. 1985. The First Records of Fossil
Sirenians in the Southeastern Pacific Ocean. Bulletin du Museum
National d'Histoire Naturelle, Paris, Seric,4, section C 3: 189-213.
Domning, D. P., and H. Furusawa. 1995. Summary of taxa and distri
bution of Sirenia in the North Pacific Ocean. The Island Arc 3:
506-512.

Duque-Caro, H. 1990. Neogene stratigraphy, paleoceanography, and pa
leobiogeography in nOlthwest South America and the evolution of
the Panama Seaway. Palaeogeography, Palaeoclimatology, Palaeo
ecology 77:203-234.
Eldridge, M. B., and P. G. Wares. 1974. Some Biological Observations
of Billfishes Taken in the Eastern Pacific Ocean, 1967-1970; pp.
89-101 in R. S. Shomura and F. Williams (eds.), Proceedings of
the International Billfish Symposium, Kailua-Kona, Hawaii, 9-12
August 1972, Part 2: Review and Contributed Papers. National
Oceanic and Atmospheric Administration Technical Report, Na
lional Marine Fisheries Service Special Scientific Report Fisheries
Series 675:1-335.
Ficrstine, H. L. 1978. A New Marlin, Makaira panamensis, from the
Late Miocene of Panama. Copeia 1978:1-] 1.
- - - 1998. Makaira sp., cf. M. Iligricans Lacepede, 1802 (Teleostei:
Percifonnes: Istiophoridae) from the Eastover Formation, Late
Miocene, Virginia, and a reexamination of tIstiophorus calverten
sis Berry, 1917. Journal of Vertebrate Paleontology 18:30-42.
- - - In press. Analysis and New Records of Billfish (Te1costei: Per
ciformes: Istiophoridae) from the Yorktown Formation, Early Pli
ocene of Eastern North Carolina at Lee Creek Mine; in C. E. Ray
and D. J. Bohaska (eds.), Geology and Paleontology of the Lee
Creek Mine, North Carolina, III. Smithsonian Contributions to Pa
leobiology.
- - - and S. A. Applegate. 1968. Billfish Remains from Southern
California with Remarks on the Importance of the Predentary Bone.
Bulletin Southern California Academy Sciences 67(1): 29-39.
- - - and N. Voigt. 1996. Use of Rostral Characters for Identifying
Adull Billfishes (Teleostei: Pcrciformes: Istiophoridae and Xiphi
idae). Copeia 1996:148-161.
- - - and B. J. Welton. 1988. A Late Miocene Marlin, Makaira sp.
(Perciformes, Osteichthyes) from San Diego County, California, U.
S. A. Tertiary Research 10(1 ):1-8.
Gillette, D. D. 1984. A marine ichthyofauna from the Miocene of Pan
ama, and the Tertiary Caribbean Faunal Province. Journal of Ver
tebrate Paleontology 4: 172-186.
Graves, J. E., and 1. R. McDowell. 1995. Inter-ocean genetic divergence
of istiophorid billfishes. Marine Biology 122: 193-203.
Johnson, G. D., and C. Patterson. 1993. Percomorph phylogeny: a sur
vey of acanthomorphs and a new proposal; pp. 554-626 in G. D.
Johnson and W. D. Anderson, Jr. (cds.), Proceedings of the Sym
posium on Phylogeny of Percomorpha, June 15-17, Held in
Charleston, South Carolina at the 70th Annual Meeting of the
American Society of Ichthyologists and Herpetologists. Bulletin of
Marine Science 52:1-629.
Lacepcde, B. G. E. 1802. Histoire naturelle dcs poissons. 4:689-697.
Leriche, M. 1926. Les Poissons neogenes de la Belgique. Memoires du
Musee Royal d'Histoire Naturelle de Belgique, Bruxelles 32:365
472.
Marshall, L. G., S. D. Webb, J. 1. Sepkoski, and D. M. Raup. 1982.
Mammalian Evolution and the Great American Interchange. Sci
ence 215(4538):1351-1357.
Nakamura, I. 1983. Systematics of Billfishes (Xiphiidae and Istiophor
idae). Publications of the Seta Marine Biological Laboratory 28:
255-396.
- - - 1985. An Annotated and Illustrated Catalogue of Marlins, Sail
fishes, Spearfishes and Swordfishes Known to Date. Food and Ag
riculture Organization of the United Nations (FAO) Fisheries Syn
opsis 125(5):1-65.
National Marine Fisheries Service. 1994. Cooperative Game Fish Tag
ging Program Annual Newsletter, 1992. National Oceanic and At
mospheric Administration Technical Memorandum, National Ma
rine Fisheries Service-Southeast Fisheries Science Center 346: 1
23.
Nelson, J. S. 1994. Fishes of the World, 3rd cd. John Wiley and Sons.
Inc., New York, 600 pp.
Pcnrith, M. J., and D. L. Cram. 1974. The Cape of Good Hope: A
hidden barrier to billfishes; pp. 175-187 in R. S. Shomura and F.
Williams (eds.), Proceedings of the Intemational Billfish Sympo
sium, Kailua-Kona, Hawaii, 9-12 August 1972, Part 2: Review and
Contributed Papers. National Oceanic and Atmoshperic Adminis
lration Technical Report, National Marine Fisheries Service Special
Scientific Report Fisheries Series 675: 1-335.
Purdy, R. W., J. H. McLellan, V. P. Schneider, S. P. Applegate, R. L.
Meyer, and B. H. Slaughter. In press. Preliminary Study of the

FlERSTINE-LATE MIOCENE MAKAIRA
neogene Fish Faunas from the Lee Creek Mine, Aurora, North Carolina; in C. E. Ray and D. J. Bohaska (eds.), Geology and Paleontology of the Lee Creek Mine. North Carolina, III. Smithsonian
Contributions to Paleobiology.
Robins, C. R., R. M. Bailey, C. E. Bond, .T. R. Brooker, E. A. Lachner,
R. N. Lea, and W. B. Scott 1991. Common and Scientific Names
of Fishes from the United States and Canada. American Fisheries
Society Special Publication 20:1-183.
- - - and D. P. deSylva. 1960. Description and Relationships of the
Longbill Spearfish, Tetraprurus pfluegeri, Based on Western North
Atlantic Specimens. Bulletin of Marine Science of the Gulf and
Caribbean 10:383-413.
Schoell, M., S. Schouten, .T. S. Sinninghe Damste, .T. W. de Leeuw, and
R. E. Summons. 1994. A Molecular Organic Carhon Isotope Record of Miocene Climate Changes. Science 263:1122-1125.
Stewart, R. H., and J. L. Stewart (with W. P. Woodring, COllaborator).
1980. Geological Map of the Panama Canal and vicinity, Republic
of Panama. United States Geological Survey, Miscellaneous Investigation Series Map 1-1232.
Van Beneden, P. J. 1871. Recherches sur quelques poissons fossiles de

437

Belgique. Bulletin de I' Academie Royale des Sciences, des Lettres
et des Beaux-Arts de Belgique, Series 3 31(2):493-518.
Vokes, E. H. 1992. Cenozoic Muricidae of the western Atlantic Region.
Part IX. Pterynotus, Poirieria, Aspella, Dermomurex, Calotryon,
Acantholabia, and Attiliosa; additions and corrections. Tulane Studies in Geology and Paleontology 25: 1-108.
Whitmore, F. c., Jr., and R. H. Stewart. 1965. Miocene mammals and
Central American seaways. Science 148:180-185.
Woodring, W. P. 1957-1982. Geology and paleontology of Canal Zone
and adjoining parts of Panama. United States Geological Survey,
Professional Paper no. 306:1-145 (1957); 146-239 (1959); 240297 (1964); 541-759 (1982).
- - - 1966. The Panama land bridge as a sea barrier. American Philosophical Society, Proceedings 110(6):425-433.
- - - 1978. Distribution of Tertiary marine molluscan faunas in
southern Central America and northern South America; pp. 153165 in 1. Ferrusquia-Villafranca (ed.), Conexions Terrestres Entre
Norte y Sudamerica; Simposio Interdisciplinario Sobre Paleogeografia Mesoamerica. Universidad Nacional Aut6noma (Mexico),
Instituto Geologia, Boletin 101.

Received 16 July 1998; accepted 24 February 1999.

